A novel approach to organic-inorganic asymmetric particles through the co-assembly of block copolymers (BCs) and magnetic Fe 3 O 4 nanoparticles (NPs) in solution is demonstrated. When 11-mercaptoundecanoic acid (MUA) modified Fe 3 O 4 NPs and an amphiphilic block copolymer polystyrene-b-poly (2-vinylpyridine) (PS-b-P2VP) were mixed in THF, asymmetric composite particles formed due to the hydrogen bonding interactions between -SH groups of the MUA molecules coated on Fe 3 O 4 NPs and P2VP blocks. The asymmetric particles obtained by this facile approach may have potential applications in biomedical areas.
Introduction
Recently, asymmetric multicomponent nanoparticles (AMNPs) have attracted much attention due to their potential applications. Great efforts have been made in the preparation of inorganic-inorganic and organic-organic AMNPs. In contrast, the synthesis of polymer/inorganic hybrid AMNPs still remains a great challenge. [1] Several studies have already been published on polymer/inorganic hybrid AMNPs. Most of the methods are template-assisted, template modification, dispersion polymerization or miniemulsion polymerization. For example, Polystyrene (PS)-SiO 2 hybrid asymmetric dimers could be prepared via a template-directed self-assembly technique. [2] Poly(2-vinylpyridine)-b-poly(ethylene oxide)/Au Janus micelles based on the protonation/deprotonation process of amphiphilic diblock copolymers in THF were prepared. [3] Very recently, a novel approach to organic-inorganic Janus-like particles based on the alkalization process of PS-b-P2VP/FeCl 3 micelles in toluene has also been presented. [4] To date, asymmetric particles embedding superparamagnetic materials have attracted great interest because of their potential applications. [5] However, it still remains a challenge to prepare asymmetric multicomponent magnetic inorganic/polymer composite NPs.
In this study we describe a simple strategy for the synthesis of asymmetric BC/magnetic NPs composite particles through the co-assembly of a BC and magnetic NPs in solution. MUA-modified Fe 3 O 4 NPs and PS-b-P2VP were mixed in THF. The hydrogen bonding interactions between the -SH groups of the MUA molecules coated on magnetic NPs and P2VP changed the solubility of P2VP which then self-assembled into asymmetric composite particles.
Experimental Part

Materials
PS-b-P2VP was purchased from Polymer Source. The average molecular weights of the PS block and P2VP block were 8200 and 8300, respectively. Fe(CO) 5 , oleic acid, oleylamine, MUA, isopropanol, ethanol, hexane, toluene and THF were of analytical grade and used as-received.
Sample Preparation
Synthesis of Fe 3 O 4 NPs: Fe 3 O 4 NPs were synthesized according to S. Sun et al. [6] 2nd Annual International Conference on Advanced Material Engineering (AME 2016) 
Characterization
Transmission electron microscopy (TEM), high resolution TEM (HRTEM) and energy dispersive spectroscopy (EDS) were performed on an H-800 or a JEM-2100 electron microscopy. Fourier transform infrared (FTIR) spectra measurements were made on a Spectrum One FTIR spectrometer using KBr pellets. Dynamic light scattering (DLS) measurements were measured with a Zetasizer 3000HS, Malvern Instruments, Ltd., UK. Fig. 2A) showed that the peak at ca. 3438 cm -1 , which is ascribed to the O-H or S-H stretch of the MUA ligands, becomes stronger after modification. The peaks between 3000 and 2800 cm -1 are attributable to the symmetric and antisymmetric methylene stretch. [7] The presence of the large band in the range of 500 to 750 cm -1 illustrates the formation of a covalent gold-sulfur bond. [8] The ESD result (Fig.2B ) also shows that the particle contained Fe, O, C and S elements. Fig. 4a that M-Fe 3 O 4 NPs assembled on one or two sides of PS-b-P2VP spheres rather than forming micellar or core-shell structures, indicating the formation of the biphasic structure. The average diameter measured by DLS is in the range from 100 nm to 820 nm (Fig. 6a, below) . After careful observation of the sample with HRTEM, different shapes of the M-Fe 3 O 4 NPs aggregates on the surface of PS-b-P2VP spheres were found (Fig. 4b-e) . A higher magnification image (Fig. 4f) , taken from (Fig.5a ) and its HRTEM image (Fig. 5b) show the biphasic structure with M-Fe 3 O 4 NPs assembled on one side (the black part) and copolymers (the gray part) on the other. However, large copolymer microspheres and M-Fe 3 O 4 NPs aggregates were observed for the deposit (Fig.5c and 5d ). Peaks at about 300nm and 5.5μm on the DLS curve (Fig.6b) were observed. The peak position at 300 nm is the same as that when the content of M-Fe 3 O 4 was 1.25 wt%, which are consistent with the TEM observation (Fig. 5a) . The peak at 5.5μm illustrated the formation of large PS-b-P2VP (Fig.5c) or PS-b-P2VP/M-Fe 3 O 4 aggregates (Fig. 5d) . When the content of M-Fe 3 O 4 was increased further to 5.0 wt%, precipitates were always observed. The DLS result (Fig.6c) was similar to that of Figure 6b . The difference between Fig.6b and c is In this system, the organic shell of M-Fe 3 O 4 NPs contains many mercapto groups. Hydrogen bonding interactions between the mercapto groups of the MUA ligands and the pyridine groups of the P2VP blocks drive the BCs to aggregate and M-Fe 3 O 4 NPs tend to contact with the P2VP blocks to reduce the free energy of the system. This behavior causes the solubility of P2VP/M-Fe 3 O 4 to be significantly lower than that of the P2VP, and resulting in the formation of composite micelles or aggregates. The PS blocks and P2VP/M-Fe 3 O 4 blocks of the composite micelles or aggregates phase separate into a Janus-like structure, likely resulting from minimization of interfacial tensions. It was deduced from TEM images (Fig.3 and Fig.5a and 5b) (Fig.5e) . Fig.5f illustrates that the aggregates were assembled M-Fe 3 O 4 NPs.
Results and Discussion
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Conclusions
A simple approach to preparation of organic-inorganic asymmetric composite particles from the co-assembly of BCs and This approach could also be used to synthesize other types of asymmetric BCs/inorganic NPs, which should be useful as biological and chemical sensors.
